WIN 51711, a new broad-spectrum anti-picornavirus agent, prevented the development of paralysis and subsequent death in mice infected intracerebrally with a lethal dose of human poliovirus type 2 (MEF strain). The prophylactic efficacy of intragastrically administered WIN 51711 was dose dependent over the 3.9-to 62.5-mg/kg (twice daily) dose range, with a minimal significantly effective dose of <15.6 mg/kg per dose (twice daily) (P < 0.008). An oral four times a day dosage regimen initiated 48 h postinfection with WIN 51711 doses as low as 12.5 mg/kg was effective in significantly reducing poliovirus-induced paralysis and death compared with a placebo. Viral titers in the brains-and spines of mice infected intracerebrally with 200 50% lethal doses of poliovirus were reduced by 3 to 5 loglo PFU/g in the WIN 51711-medicated group compared with placebo-medicated animals. The potent in vitro and in vivo anti-picornavirus activity of WIN 51711 makes it a potentially useful drug for the treatment of enterovirus infections in humans.
Although researchers in the field of antiviral chemotherapy have been encouraged by the discovery of drugs for the treatment of herpesvirus and influenza virus infections, therapy of disease caused by picornaviruses remains elusive. Arildone, an aryldiketone compound synthesized at the Sterling-Winthrop Research Institute, has been shown to possess in vitro and in vivo activity against poliovirus (1, 4, 5, 6) . Synthesis of analogs of the arildone molecule produced new chemical entities with broad-spectrum in vitro antipicornavirus activity. One of the most active of these in terms of level of potency and spectrum was WIN 51711 (see Fig. 1 ). Based on its in vitro potency (7), WIN 51711 was tested for systemic efficacy in the human poliovirus model in mice. In this model, intracerebral inoculation of mice with poliovirus results in flaccid limb paralysis and subsequent death (2, 3) , a clinical picture similar to that observed in severe poliovirus infections in humans. The data presented here show that WIN 51711 is orally effective in preventing poliovirus-induced paralysis and death in mice. practically insoluble in water at neutral pH (maximum solubility, 0.5 xg/ml [pH 7.0]). In the studies reported here, both the free base (therapy studies) and methane sulfonate salt of WIN 51711 (prophylaxis and virus titer study) were used. These two forms of WIN 51711 can be used interchangeably, since they are equally efficacious and produce similar levels in serum when administered orally by gavage in 1% gum tragacanth (data not shown). A 1% gum tragacanth suspension was used as a placebo in all studies.
MATERIALS AND METHODS

Mice
Experimeental design. (i) Prophylactic efficacy. In the prophylactic tests, medication (in divided doses) with WIN 51711 was administered to mice by oral gavage (0.2 ml per dose) at levels ranging from 7.8 to 125 mg/kg per day. Dosing was initiated 2 h prior to infection, then continued on a twice daily (b.i.d.) basis for a total of 10 days. The viral inoculum was 2 LD50s, which had been shown previously to result in 70 to 100% mortality at 20 days postinfection. the mice were observed b.i.d. at the time of medication and also during the postmedication period for a total of, 20 days. Appropriate placebo-medicated animals were included. (ii) Therapeutic efficacy. In experiments designed to determine whether therapy with WIN 51711 is effective when delayed until extensive virus replication has occurred, mice were infected with 20 LD50s of virus and medicated orally with WIN 51711 at doses ranging from 12.5 to 100 mg/kg beginning 48 h postinfection and continued four times daily (every 6 h) for 8 days.
Infectivity titers in brain and spinal cord. Fig. 2 . At the end of the test period (20 days postinfection), only 24% of the placebo-medicated mice were alive, compared with 45, 69, and 89% of the animals medicated with 3.9, 5.6, and 62.5 mg/kg b.i.d., respectively (n = 30 per dose group). Statistical analyses of the data by Mantel-Cox and Breslow analyses of variance showed that medication with WIN 51711 at 15.6 mg/kg resulted in a significant reduction in mortality (P < 0.008) compared with the placebo-medicated group. The minimal effective dose under these conditions, therefore, was greater than 3.9 and less than 15.6 mg/kg b.i.d.
Therapeutic effect on survival. Dose-dependent therapeutic efficacy of WIN 51711 in mice infected with 20 LD50s is shown in Fig. 3 . Oral dosing was initiated 48 h postinfection and was continued every 6 h for 8 days. Twenty mice per dose group were used in three separate experiments, and the results are shown as the mean survival on each day (n = 60 per dose group). On day 10 postinfection, only 5% of the placebo-medicated animals were alive and symptom free, compared with 43, 62, 68, and 84% of mice medicated with WIN 51711 at doses of 12.5, 25, 50, and 100 mg/kg, respectively. Statistical analysis of the data showed that medication with WIN 51711 at 12.5 mg/kg resulted in significant protection (P <-0.001).
Infectivity titers in brain and spinal cord. Infectivity titers in the brain and spine were quantitated in mice infected intracerebrally with 200 LD50s. When mice were infected with this high inoculum, the first deaths appeared in the placebo group on day 3 postinfection, and all the mice in this group were dead by the postinfection day 7. In contrast, 90% of mice medicated with WIN 51711 at 100 mg/kg b.i.d. remained alive and asymptomatic through day 7 postinfection.
The mean PFU per g of tissue found in brain and spinal cord on days 1 through 4 postinfection are graphically illustrated in Fig. 4 . WIN 51711 reduced the virus titer in both tissues by >3.5 log/g of tissue on observation day 4 compared with paralyzed mice. When brain titers were analyzed by a general linear model procedure (Duncan's Multiple Range Test for variables), a highly significant difference was seen between the medicated and placebo-medicated groups of mice (P < 0.0001). significant difference was noted between the paralyzed and nonparalyzed placebo groups.
The greatest effect of WIN 51711 medication was on poliovirus titers in the spinal cord. Viral titers in WIN 51711-medicated animals were reduced by >5 log PFU/g of tissue compared with paralyzed placebo animals on day 4 postinfection. active in infant mice infected with a lethal strain of echovirus type 9.
DISCUSSION
Poliovirus infection of mice results in a fulminating infection leading to paralysis and subsequent death. This disease process differs from that seen in humans in that the virus, once inoculated intracerebrally, does not elicit the production of neutralizing antibodies (2) , and second, once paralysis has begun in the mouse, its progress is inexorable, leading to death within 24 h. When the symptoms of disease are evident (i.e., flaccid limb paralysis), virus titer in the spinal cord has reached a maximum, and irreversible neurologic damage has occurred. Therapy must be initiated, therefore, pfior to the appearance of symptoms to be effective. The studies reported here show that WIN 51711 was effective in preventing death due to poliovirus when therapy was initiated 48 h after infection, at which time multiple rounds of viral replication and dissemination within the central nervous system has occurred. Viral titers in the central nervous system were markedly reduced in mice medicated with WIN 51711 compared with the placebo group. Further, viral titers in spinal cord tissue of WIN 51711-medicated mice never approached the titer level previously shown to correlate with the onset of paralysis and subsequent death (7 log/g of spinal tissue). In the absence of detectable immune response in the mouse to intracerebral inoculation of poliovirus, the data suggest that mice infected with poliovirus via the intracerebral route were protected by the direct inhibitory effect of WIN 51711 on viral replication.
Mode of action studies have shown that WIN 51711 interacts directly with virion capsid proteins to prevent uncoating of the viral nucleic acid (M. P. Fox, M. J. Otto, W. S. Shave, and M. A. McKinlay, Abstr. 24th ICAAC, abstr. no. 431, 1984) . The compound has no effect on mammalian cell growth at levels that interfere with virus replication. Consistent with the virus-specific mechanism if action, the acute toxicity of WIN 51711 in mice and rats was low, with an LD50 exceeding 8,000 mg/kg, and no significant toxicity was observed in mice, rats, or monkeys orally administered WIN 51711 for 1 month at doses of 100 mg/kg. In addition, WIN 51711 was not shown to be mutagenic in the mammalian cell forward mutation assay and the Ames test, both with and without metabolic activation (R. Fabian, personal communication). The virus-specific mode of action, minimal toxicity, and demonstrated in vitro and systemic potency of WIN 51711 make it a candidate for clinical evaluation as a broad-spectrum anti-picornavirus agent.
